Intracellular Motility: Myosin and Tropomyosin in Actin Cable Flow  by Kovar, David R.
apes would actively encourage
others to cooperate, through gaze,
gestures, and physical contact.
A recent paper [5] described
chimpanzees soliciting aid from
a human to solve the cooperation
task, but never soliciting each
other. It would be interesting
to know more about the
communicative acts going on in
cases of both cooperation and
non-cooperation in chimpanzees
and bonobos, as this might reveal
evenmore about social cognition in
these apes.
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Tropomyosin in Actin Cable Flow
A new study has found that retrograde flow of budding yeast actin
cables is facilitated by myosin II but is inhibited by a specific
tropomyosin isoform (Tpm2p). Budding yeast therefore contains
a minimal component system for elucidating the mechanistic details
of retrograde actin flow.David R. Kovar
Retrograde actin flow, the
centripetal flow of newly
polymerized actin, is the
consequence of two synergistic
forces: directed actin-filament
assembly at the cell cortex pushes
the elongating filamentous network
away from the cortex, and myosin
molecules anchored more deeply
within the cell are thought to pull
the elongating filamentous network
inward. Retrograde actin flow has
been extensively studied in higher
eukaryotes where it is required for
cell migration and actin-based
intracellular motility. Retrograde
flow also occurs within individual
polarized actin bundles, such as
filopodia and stereocilia. Huckaba
and colleagues [1] have now found
that the fundamental mechanisms
of retrograde flow are evolutionarily
conserved because theydiscovered that type II myosin
contributes significantly to the
retrograde flow rate of actin cables
in budding yeast. Furthermore,
they found that a specific
tropomyosin isoform (Tpm2p)
negatively regulates retrograde
flow in budding yeast, possibly by
inhibiting myosin II from binding to
actin filaments within the cable.
Actin cables in budding yeast
therefore appear to be an excellent
model for investigating the basic
machinery that drives retrograde
actin flow.
The underlying mechanisms that
promote the retrograde flow of
actin on the order of 1 to 5 mm per
min in migrating animal cells are
beautifully complex (Figure 1A,B).
Actin assembly at the leading
edge of migrating neuronal growth
cones and epithelial cells is
dependent primarily on the
actin-related protein Arp2/3complex, which triggers the rapid
de novo assembly of a densely
branched actin network that
pushes on the cell cortex [2].
Branched filaments are ideal for
pushing because they are rapidly
capped by capping proteins, so
they remain short and rigid. The
branched network is subsequently
recycled a few microns from the
leading edge by ADF/cofilin
molecules, which specialize in
dismantling ‘old’ ADP-loaded actin
filaments, ensuring that actin
monomers are continuously
available at the leading edge for
reassembly [2].
Filopodia, composed of long,
straight bundled actin filaments
whose ‘barbed’ ends are also
pointed away from the interior of
the cell, extend from within the
branched network in many cell
types, such as neuronal growth
cones in axons (Figure 1A).
Filopodia may provide an
exploratory function for migrating
cells and are assembled by factors
that inhibit actin-capping proteins
such as Ena-VASP family proteins
and/or formins [3–5]. Filopodia and
the surrounding branched actin
network undergo retrograde flow at
approximately the same rate [6].
Inhibition of actin assembly does
not stop retrograde flow in animal
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Figure 1. Role of type II myosin and tropomyosin in retrograde actin flow in budding yeast and motile animal cells.
Actin flows centripetally from the cortex inwards in both motile and non-motile cells. Actin is assembled predominantly at the cell
edge by the Arp2/3 complex, which makes branched actin-filament networks, and/or by formins that make long-straight actin-
filament bundles. Retrograde actin flow is also facilitated by type II myosin molecules that are thought to apply pulling forces on
the underlying actin-filament networks. (A) In migrating neuronal growth cones, actin flows rearward at w4 mm per min. Myosin II
localizes predominantly to a transition zone 4 mm from the leading edge [9]. In addition to applying pulling forces that drive retrograde
flow, myosin II may participate in actin-filament turnover by severing actin bundles through network contraction in the transition zone
[9]. (B) Migrating epithelial cells contain two distinct actin-filament network zones [10]. The lamellipodium is a 2–4 mm-wide zone
along the cell edge where Arp2/3 complex-mediated actin-filament assembly facilitates ‘faster’ retrograde flow at w1 mm per min
[10,19,20]. The lamellar zone is within 15 mm of the cell edge and undergoes myosin II-dependent ‘slower’ retrograde flow at
w0.3 mm per min [10,20]. Tropomyosin localizes specifically to the lamellum and positively influences ‘slower’ retrograde actin
flow [7,10]. (C) Budding yeast contains a minimal component retrograde flow machine. Formin-dependent actin cables that extend
from the bud tip or bud neck along the mother–bud axis exhibit retrograde actin flow at the remarkably high rate ofw22 mm per min
[1,15]. Myosin II localizes to the bud neck where it is involved in the rearward actin flow of cables emanating from the bud neck [1].
Two tropomyosin isoforms localize to actin cables in budding yeast, but, unlike epithelial cells, one of the isoforms (Tpm2p) nega-
tively regulates retrograde actin flow by reducing myosin II’s affinity for actin [1].cells, suggesting that forces other
than Arp2/3-complex-mediated
and/or formin-mediated
actin-filament elongation
contribute to rearward actin flow.
A role for myosin II has been
supported by its localization to
regions several microns away from
the leading edge (Figure 1A,B), and
by the finding that treatment of
migrating cells with
pharmacological inhibitors of
myosin II reduces the rate of
rearward actin flow by up tow50%
[7–11]. The simplest model is that
myosin II motor activity pulls on the
actin-filament network, although
other scenarios are possible. For
example, through applying
contraction forces on the network,myosin II may promote
actin-filament turnover by severing
actin bundles (Figure 1A) [9].
Myosin II may also be required to
establish or maintain the structural
integrity of the actin-filament
network without actually pulling the
network rearward. These
possibilities are not mutually
exclusive.
In neuronal growth cones of the
sea slug Aplysia, actin-filament
assembly at the leading edge
coupled with interior myosin II
activity (contraction) completely
accounts for all retrograde actin
flow (Figure 1A) [9], implying that
at least one of myosin II’s roles is
the exertion of retrograde force.
Tropomyosin also contributes toretrograde flow in migrating
epithelial cells (Figure 1B) [7,10],
possibly by enhancing myosin II
activity, although the specific
mechanism is not yet known.
Identification of an appropriate
model system where the basic
features of actin retrograde flow
are conserved would be very
useful.
Compared with migrating animal
cells, retrograde flow of actin
cables in the budding yeast
Saccharomyces cerevisiae
involves a minimal set of
components (Figure 1C). Actin
cables are composed of bundled
actin filaments whose fast-growing
barbed ends originate at either
the bud neck or the bud tip.
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the mother–bud axis and provide
polar tracks that are utilized
predominantly by
barbed-end-directed type V
myosin motors to deliver particles
to the emerging bud, such as
secretory vesicles and
mitochondria [12].
Unlike migrating animal cells,
budding yeast actin cables are
assembled exclusively by the
formins Bni1p and Bnr1p,
independent of the Arp2/3 complex
[13,14]. Time-lapse observation of
a GFP-labeled version of the
actin-cable component Abp140p
revealed that actin cables undergo
rapid retrograde flow away from
formin-mediated assembly sites
within the bud tip and at the bud
neck at the rate ofw22 mm per
minute [15]. This is an impressive
5- to 10-fold faster than retrograde
flow in migrating animal cells,
suggesting that budding yeast
actin cables might be an appealing
retrograde flow model. Whether
type II myosin (Myo1p in budding
yeast), a crucial component of
retrograde actin flow in migrating
animal cells, plays a role in
retrograde actin cable flow in
budding yeast was not known.
Huckaba and colleagues [1]
therefore examined whether
myosin II, or either of the two
tropomyosin isoforms Tpm1p and
Tpm2p, play crucial roles in the
rearward flow of budding yeast
actin cables. Budding yeast
myosin II localizes to the bud neck
and constricts with the actin
contractile ring, suggesting
a primary function in cytokinesis
[16,17]. However, myosin II
localizes to the contractile ring
earlier than most contractile ring
components (in G1) and themyosin
II tail alone is sufficient for
cytokinesis in lieu of full-length
myosin II [18], suggesting that
myosin II may have other cellular
responsibilities.
Huckaba and colleagues [1]
found that disruption of myosin II in
budding yeast has a similar effect
on retrograde flow as in animal
cells. The rate of actin-cable
retrograde flow in the budding
yeast mother cell is reduced by
approximately 50% in strains
lacking myosin II, or in strains
where myosin II is mislocalizedaway from the bud neck following
overexpression of the myosin II tail
[1]. Specifically, themyosin II motor
domain and its ability to bind actin
is crucial for retrograde actin cable
flow [1], suggesting that type II
myosin may actively pull on actin
cables at the bud neck. Other roles
for myosin II, such as maintaining
the structural integrity of the cable,
are possible and cannot be
eliminated.
Given that both budding yeast
tropomyosin isoforms localize to
actin cables, it might have been
logical to assume that tropomyosin
positively influences actin-cable
flow, similar to tropomyosin’s role
in migrating epithelial cells
(Figure 1B) [7]. Huckaba and
colleagues [1] discovered,
however, that one specific budding
yeast tropomyosin isoform
negatively regulates retrograde
flow. They found that the rate of
actin-cable retrograde flow was
unchanged in cells lacking
tropomyosin isoform Tpm1p,
whereas the rate doubled to
approximately 50 mm per min
in cells lacking tropomyosin
isoform Tpm2p [1]. By in vitro
reconstitution of purified proteins,
they discovered that Tpm2p (but
not Tpm1p) reduces the capacity of
myosin II to bind and pull actin
filaments [1]. Therefore, myosin II
and Tpm2p have antagonistic
affects on actin cable retrograde
flow, with Tpm2p seeming to
prevent myosin II from binding to
actin cables. It will be interesting
to determine whether the
isoform-specific effects of the
budding yeast tropomyosin extend
to the type I and type V myosins.
Perhaps the ratio of Tpm1p to
Tpm2p bound to actin filaments is
important for negatively and/or
positively regulating a variety of
cellular processes, including
retrograde actin flow, although
the short- and long-term
consequences of halving (myosin II
null) or doubling (Tpm2p null) the
rate of actin-cable retrograde flow
in budding yeast are not yet
known [1].
A fascinating difference between
retrograde actin flow in migrating
animal cells and budding yeast
is the proximity of myosin II
molecules to the site of
actin-filament assembly(Figure 1). In animal cells
myosin II molecules sit several
microns from the point of actin
assembly, whereas in budding
yeast the myosin II molecules are
localized at the site of assembly on
the bud neck. Pulling on an actin
filament from considerable
molecular distance and from close
proximity is fundamentally
different. To evaluate the functional
importance of myosin II
configuration, it would be
interesting to determine whether
removing myosin II causes
different effects on the rate of
retrograde flow of cables that
originate from the bud neck versus
cables that originate at the bud tip
(where the myosin II configuration
is more like that in animal cells).
Perhaps actin cables that originate
from the bud neck are functionally
analogous to actin contractile rings
in both lower and higher eukaryotic
cells, where formins mediate
actin-filament assembly in close
proximity to myosin II molecules
that ultimately drive regression of
the contractile ring.
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On Regina Spektor’s album ‘Soviet
Kitsch’ her younger brother
whispers her name repeatedly and
whispers questions to her. Even
from a single listening, it is obvious
that this is a child’s voice. Yet, it is
a whisper with no vocal pitch to act
as a cue for age. From anecdotal
evidence such as this, and
a growing body of research [1], it is
clear that the sounds that humans
and other species produce carry
much information about the
speaker beyond the messages
they transmit. Like bullets shot
from a particular gun, vocal
acoustics bear the traces of the
acoustic tube they pass through.
The British phonetician, David
Abercrombie [2], drawing from
C.S. Peirce’s philosophy of signs,
coined the term indexical
properties to refer to the aspects of
sound production that convey
information about the producer. In
Abercrombie’s view, indexical
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factors, such as regional accents,
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important biologically, the size and
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tract. For more than 50 years (for
example [3,4]) a model of sound
production that formalizes the
relationship between the area
function of the vocal tract and the
acoustics has been the dominant
framework for understanding
human speech production and the
vocalization of other species. In
this source–filter framework, vocal
tract dimensions determine the
resonances of the airway above the
larynx and thus filter the acoustic
energy emanating from the sound
source. Generally, the length of the
vocal tract is a major determinant
of the distribution of resonances or
formants. If the vocal tract is
modeled as a straight tube open at
one end, the first three formants are
given by these formulas, where
c is the speed of sound and L is
the vocal tract length:
F1= c=4L
F2=3c=4L
F3=5c=4L
Thus, everything else being equal,
the formant frequencies are
indexical properties for the size of
the vocal tract.
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DOI: 10.1016/j.cub.2007.02.004resonance patterns has an added
evolutionary significance if two
conditions are met. First, some
aspect of vocal tract dimension
must be correlated with body size
or other physical measures that
may be related to fitness. Second,
listeners must be able to match the
acoustics with these body size
characteristics. In a paper
published recently in Current
Biology, Ghazanfar et al. [1] provide
evidence for the first time in
monkeys for this latter condition.
Specifically, they show that rhesus
monkeys can match the faces of
two different-aged monkeys with
their appropriate call.
Using a method adapted from
the infant perception literature,
Ghazanfar et al. [1] found that
rhesus monkeys had a visual
preference for videos of monkey
faces that were consistent in age
and size with the distribution of
formants in a call that was played
along with the film clips. Like
a whispered utterance, the monkey
calls used in their experiment had
no vocal pitch cues that could be
used to distinguish the age or size
of the monkey that produced the
call. Using a sophisticated formant
synthesis technique, STRAIGHT
[5], the authors created calls in
which the vocal pitch, duration and
amplitude contours were similar
but the formant distributions were
those produced by either a larger
or smaller vocal tract (10 cm versus
5.5 cm in length).
While a number of previous
studies had shown that nonhuman
